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THE LIQUIDUS SURFACE IN THE Al 2 0 3 -Zr0 2 -Y 2 0 3 PHASE 
DIAGRAM 

S. N. Lakiza, L. M. Lopato, UDC 546.31:621:641:831 

L. V. Nazarenko, and Z. A. Zaitseva 

The structure of the bounding binary systems has been examined in some detail. The phase diagram for the 
Al 2 0 3 -Zr0 2 system is of simple eutectic type [1-5]. Solubility on the basis of a-Al 2 0 3 (subsequendy just A1 2 0 3 ) is virtually 
absent. In the region of high Zr0 2 contents above 2260°C, solid solutions are formed on the basis of Zr0 2 having a structure 
of fluorite type F. The solubility of A1 2 0 3 in the cubic modification F is not more than- 5 mole. %. Below 2260°C, there is a 
narrow field of solid solutions having the tetragonal Zr0 2 structure (T). The liquidus is characterized by a metatectic 
transformation (F *± T + L; 80% (mol.) Zr0 2 ; 2260°C) and the eutectic one (L T + A1 2 0 3 ; 37% (moL) Zr0 2 ; 1860°C). 
The Zr0 2 -Y 2 0 3 system at high '.smperatures is one with restricted mutual solubility of the components in the solid state 
Solid solutions F are formed at 2450°C with a limit on the Y 2 0 3 content of 54 mole. 96. Yttrium oxide crystallizes in two 




Fig. 1. 'Projection of the liquidus surface in the phase diagram for the 
Al 2 0 3 -Zr0 2 -Y 2 0 3 system on the plane of the concentration triangle. 
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.' Eg - 2 Fig/3. 

U2 + 41 Y 2°3 (Ej): <D 65 A1 2 0 3 + 19 Zr0 2 + 16 Y 2 0 3 (E^. 

Fig. 3. Electron. micrographs of ternary eutectic alloys in the Al,0,-ZrO,-Y O 
system; magnifications: 500 (a), 700 (b). and 3000 <c • and d). ' 2 3 
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We have examined the ^^^^^'^^ ZrO,, lW. 

constructional ceramic materials. The methods of making L , 2 3 P gnim ' Whlch is of interest for ma ^ng 

Figure 1 shows that this surfaced " Z O Y o ^ ^ d « Cribed - HI. 
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TABLE 1. Coordinates of Nonvariant Points in the Al 2 0 3 -Zr0 2 -Y 2 0 3 System 



Equilibrium 
points 


Temperature, 
°C 


Composition, mole.% 




AI.O, 


2rO s 




Nonvariant equilibrium 



/r « 26 6 €i3i L £j ^:Y 2 A4-F+C 

/: *- 37 10= 5G L £ l -TYA-fF+Y 4 A' 

• 47 12 41 L^^YaAj+F+YA 

I: * 5715 6.5 19 .15 L e ' 4 ;±Al s 0 3 -|-F+Y 3 A 5 

p 63: 25 112 • L p +T^F+Al,0, 



apart from the H solid solutions and interacts with them on a eutectic mechanism, apart from the peritectic reaction L + T 
F + A. The metatectic process F T + L (m 2 ) becomes peritectic in the ternary system: L + T «* F 4- A. Table 1 gives 
the coordinates of the nonvariant points in the A1 2 0 3 ^-Zr0 2 -Y 2 0 3 system. 

Table 1 and Fig. 1 show that the liquidus surface has five four-phase nonvariant equilibria (four relate to the eutectic 
type and one to the peritectic type) and three three-phase ones for quasibinary eutectics. 

Figure 2 shows DTA curves, which indicate the nonvariant transformations in the Al 2 0 3 -Zr0 2 -Y 2 0 3 system, while 
Fig. 3 shows the microstructures corresponding to the nonvariant points. The minimum melting temperature is 1715°C and 
relates to the ternary eutectic E 4 . Here we note that the isothermal section for the system at 1800°C constructed in [18] is 
erroneous because the liquid phase field appears in the system at that temperature, and also the liquid phase in equilibrium with 
F, A1 2 0 3 , and Y 3 A 5 crystals. The maximal liquidus temperature is equal to the melting point of the alloy containing 80 mole. % 
Zr0 2 in die Zr0 2 — Y 2 0 3 system (2775 °C). We did not observe the new phases or regions of ternary solid solutions in the 
Al 2 0 3 -Zr0 2 -Y 2 O 3 system, which means that materials in the ternary system can be used to realize the unique properties 
of the M, T, and F solid solutions based on Zr0 2 in combination with the properties of the other phases. 
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